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ABSTRACT 

This report describes the Gul kana sockeye salmon (Oncorhynchus nerka) 
enhancement work conducted in inter ior  Alaska during FY 81. The primary 
objective of the proiect was t o  continue the evaluation of streamside 
incubation units as a means o f  enhancing indigenous sockeye salmon 
stocks. Ten new incubator units were installed in August and early 
September, increasing the total  number of units t o  20. During September 
and early October, 17 units were loaded with an estimated 6.2 million 
sockeye salmon eggs. Malachite green was administered monthly to  retard 
fungus growth. Dissolved oxygen and pH were monitored until f ry  emerged 
in April. 

An estimated 5.2 million fry emerged from April to  August, 1981, for  a 
survival of 84 %. During May and June, 1.8 million fry were 
transplanted to  Gunn Creek, a Summit Lake feeder stream. The Gulkana 
incubation contribution to the adult return was.estimated t o  be approxi- 
mately 7200 f ish from fry released in 1976 and 1977. 

A smolt coded wire tagging program was ini t ia ted a t  the outlet  of Summit 
Lake in June of 1981. Two thousand three hundred and sixty smolts were 
captured and  1442 were coded wire tagged. Pre-ferti 1 i zat i  on 
limnological research began in August of 1980 t o  assess the feas ib i l i ty  
of enhancement expansion. 

KEY WORDS: coded wire tagging, enhancement, incubation uni ts ,  
Oncorhynchus nerka, sockeye salmon 



INTRODUCTION 

The sockeye salmon (Oncorhynchus nerka) of the Copper River a re  
subjected annually to  intense commercial, recreat ional ,  and subsistence 
use. While most use occurs in the lower portions of the r i ve r ,  most 
production i s  from the many lake systems within the Copper River Basin. 
Several areas contribute s ign i f i can t ly  to  to ta l  production. One in 
par t icular  i s  t ha t  section of the upper eas t  fork of the Gulkana River 
between Paxson and Summit Lakes (Figures 1 , 2 and 3 ) .  I t  i s  the subject  
of much of t h i s  paper. 

Because of increasing use by a l l  groups and an apparent natural decline 
beginning in 1964, the Copper River sockeye salmon stocks have generally 
decreased i n  abundance in recent years. This decrease has required 
r e s t r i c t i ons  on a l l  user groups. In 1979 low escapements resulted i n  
f i shery  closures fo r  a l l  sockeye stocks in  the Copper River. In 1980 
limited catches were allowed by a l l  b u t  commercial user segments, which 
were shut down completely. 

As part  of an experiment aimed a t  enhancing depressed Copper River 
sockeye stocks (especial l y  upper eas t  fork Gul kana s tocks ) ,  unmanned 
streamside incubator boxes were ins ta l l ed  and have been i n  operation on 
the  Gulkana River since 1973. During the period 1973 through 1978, 
effectiveness of the boxes as an enhancement tool was demonstrated 
(Roberson e t  a1 . 1978a, 1978b). In 1979, the f a c i l i t y  began an 
expansion program designed t o  make the t rans i t ion from an experimental 
p i l o t  project  t o  a 20-million egg production f a c i l i t y .  Present capacity 
of the f a c i l i t y  i s  10 million eggs with expansion s la ted  fo r  the near 
fu ture .  

Project Background 

The project i n i t i a l l y  was designed to  enhance upper eas t  fork Gul kana 
River sockeye stocks,  which had been undergoing severe depletion from 
the combined e f fec t s  of harvesting and by the erosion of spawning 
habi ta t .  From 1964 t o  the present, the spawning population i n  the 
affected area declined from about 60,000 to  25,000 (Roberson e t  a l .  
1981). Habitat erosion probably caused most of the decline. In 1964 
severe flooding occurred i n  prime spawning areas within the main Gulkana 
River between Summit Lake and Paxson. During t h i s  flood, severe 
scouring of the stream bed eliminated spawning gravel. Most stream 
meanders, important i n  reducing velocity,  were a lso  eliminated. The 
adjacent Richardson Highway was a lso  destroyed. In reconstruction of 
the  highway, the roadbed was widened in to  par ts  of the  r i ve r  and bu i l t  
u p ,  thus,  fur ther  reducing spawning habitat  and a l t e r ing  the a b i l i t y  of 
the stream to  res tore  i t se l  f t o  former configurations. This condition 
pers i s t s ,  with most spawning i n  t h i s  area occurring i n  several warm 
water springs adjacent to  the impacted segment. These springs a r e  the 
s i t e  of the Gul kana incubation f a c i l i t y  (Figures 2 and 3 ) .  

After determining the need fo r  enhancement, budget constraints  d ic ta ted  
t ha t  a low cos t ,  r e la t ive ly  maintenance-free system would be desirable.  
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Figure 1. Copper River drainage. r 
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Figure  3. Gulkana River and incubat ion  spr ing  loca t ion .  



Af te r  examining some of the  more t r a d i t i o n a l  techniques, t h e  s t a f f  
developed the then f a i r l y  unique concept o f  streamside incubat ion  boxes. 

The incubat ion u n i t  idea was imported t o  Prince Wi l l iam Sound, Alaska, 
by M r .  J. David So l f ,  Co~merc ia l  Fishery B i o l o g i s t  f o r  ADF&G, a f t e r  
v i s i t i n g  a Canadian incubat ion  f a c i l i t y  on the Fraser River,  which 
u t i l i z e d  incubat ion  boxes constructed by M r .  George Wilson, an 
In te rna t i ona l  North Pac i f i c  F isher ies  Commission (INPFC) B i o l o g i s t .  
A f t e r  observing t h e  success o f  the Wilson type box, Mr., Solf  b u i l t  and 
islsstal l e d  several s i m i l a r  incubat ion u n i t s  near Cordova and success fu l l y  
incubated p i n k  salmon eggs t o  f r y  w i t h  exce l l en t  su rv i va l  rates.  A f t e r  
communication w i t h  Dr .  B i l l  McNeil and M r .  Jack Ba i ley  a t  the Auke Bay 
National Marine Fisher ies Service (NMFS) Laboratory and M r .  
Robert S. Roys, D i rec to r ,  FRED D iv i s ion ,  ADF&G, i t  was agreed t h a t  t h e  
upper Gulkana River  spr ing  area was a candidate f o r  an enhancement 
p r o j e c t  us ing incubat ion boxes. A f t e r  a year  of basel ine water 
temperature and water chemistry monitor ing, a spr ing  area was chosen fo r  
the p i l o t  incubat ion  u n i t .  

I n i t i a l  goals o f  t he  p r o j e c t  were: 

(1) Enhance present sockeye salmon stocks i n  the  Copper River,  w i t h  
p a r t i c u l a r  emphasis placed on upper east  f o r k  Gulkana River  stocks. 

(2)  Eva1 uate incubat ion boxes as an enhancement technique us ing upper 
east f o r k  Gul kana River spr ing  water (Gul kana Springs) and stocks 
indigenous t o  the  springs. 

(3)  Estab l ish  sockeye salmon brood stock a t  the  Gulkana Springs f o r  
eventual use i n  a product ion hatchery f a c i l i t y .  

Although p re l im ina ry  eva lua t ion  i nd i ca ted  success o f  t he  technique and 
the  product ion phase has begun, these goals s t i l l  .apply. 

The f i r s t  experimental incubat ion  box was constructed a f t e r  consu l t ing  
ADF&G s t a f f  engineers, M r .  G i l  Ziemer and M r .  George Cunningham. This 
p i l o t  u n i t  was i n s t a l l e d  i n  t he  fa1  1 o f  1973 and loaded w i t h  
approximately 225,000 green eggs obtained from spawning salmon i n  
adjacent spr ing  areas. The f i r s t  yea r ' s  estimated green egg t o  f r y  
su rv i va l  o f  79% demonstrated the e f f i c a c y  o f  t he  technique. I n  1974 an 
add i t i ona l  four u n i t s  o f  i d e n t i c a l  design were i n s t a l l e d  i n  a nearby 
spr ing spawning area. I n  1975, because o f  poor water f lows, the-  
o r i g i n a l  u n i t  was moved t o  the  s i t e  o f  the newer u n i t s .  Water f lows a t  
the new s i t e  were n o t  a l i m i t i n g  fac to r ,  as there  i s  a s tab le  f l ow  o f  
adequate volume year-round. I n  add i t i on  t o  the  5 u n i t s  used i n  previous 
years, 5 more were added i n  1979, and 10 more i n  1980, p rov id ing  20, 
l inear ly-arranged incubator  u n i t s .  With the  except ion o f  the  th ree  
u n i t s  i n  1980,-all u n i t s  were loaded w i t h  green eggs each year 
(Table 1) .  



Table 1. Historical summary of estimated sockeye salmon production from 
the Gulkana incubation system, 1973 t o  1981. 

Number of Total Green Total Estimated 
Year Incubation Boxes Eggs Resultant Fry Percent 

(Substrate) Seeded Outmigrants Survival 
(Thousands) (Thousands) 

1973-74 1 (Gravel) 226 179 79.4 

1974-75 5 (Gravel) 1,270 88 7 70.0 

1975-76 5 (Gravel ) 

1976-77 5 (Gravel) 

1977-78 5 (Gravel ) 

1978-79 5 (Gravel)' 

1979-80 6 (Gravel) 

4 (Intalox) 

1980-81 18 (Gravel) 

2 (Intalox) 

a/ Bear climbed in one box severely disturbing eggs. - 



Study Area, Water Source and Quality 

The incubation f a c i l  i t y  i s  located in  north-central  Copper River Basin, 
approximately 416 kin upriver  from the  Copper River f l a t s  and 3 km 
downstream from 2ummit Lake. The s i t e  l i e s  i n s i d e  t h p  followingo 
coordinates:  63 4 '  - 63 05'  north l a t i t u d e  and 145 30'  - 145 31 
west longi tude.  Elevation of  t he  s i t e  i s  about 921 m .  The f a c i l i t y  i s  
loca ted  across  t he  Gulkana River opposi te  Milepost 188 of t h e  Richardson 
Highway (Figures  1 ,  2  and 3 ) .  

This s i t e  was chosen f o r  t h e  i n i t i a l  incubation f e a s i b i l i t y  s tudy 
because of na tu ra l ly  occurr ing spr ings  of exceptional water q u a l i t y .  
The spr ings  a r e  natural  a q u i f e r s ,  which probably o r i g i n a t e  from Summit 
Lake. The water i s  f i l t e r e d  through several  hundred meters of g l ac i a l  
moraine deposited by t h e  Gulkana Glacier  during i t s  recess ion .  
Beginning i n  t h e  f a l l  o f  1971 , t he se  spr ing  a reas  were moni tored  f o r  
water temperature,  c l a r i t y ,  and flow and were observed t o  be open and 
flowing even a t  minus 51 C .  Water temperature and flow measurements 
recorded during the  1972-73 winter  confirmed the  s u i t a b i l i t y  of t h e  
spr ings  a s  a  water source f o r  salmonid egg incubat ion.  Later 
measurements of o the r  spr ing  water q u a l i t y  parameters compared well t o  
pre-pro j e c t  water qua1 i t y  (Tab1 e  2 )  . 

MATERIALS AND METHODS 

Incubation Box Theory, Construct ion,  I n s t a l l a t i o n  and Maintenance 

The Gulkana incubation boxes work on t h e  p r inc ip l e  of upwelling water 
passing through incubating eggs. This provides oxygen and a t ,  t h e  same 
time, removes waste products (Figure 4 ) .  The box serves a s  a  conta iner  
f o r  t h e  water ,  s u b s t r a t e ,  and eggs; i t  excludes l i g h t  and p ro t ec t s  
eggs and a l ev ins .  Within the  incubators ,  f e r t i l i z e d  eggs r e s t  upon a  
s u b s t r a t e  ( a  facs imi le  of t he  natural  h a b i t a t  f o r  t he  a l e v i n s ) ,  which 
provides a  medium f o r  incubat ing eggs. A t  swim-up, t h e  f i s h  leave t h e  
incubation u n i t  f o r  t h e  instream phase of t h e i r  l i f e  cycle .  

Each incubator  measures 2.44 m x 1.22 m x 1.22 m and i s  constructed of 
1.9-cm (314 i n )  A C  plywood. Each has a  perforated (6.4-mm holes- on 
31.8-mrn c e n t e r s ) ,  1.9-cm (314-in) plywood f a l s e  p l a t e  located 12 cm 
above t h e  incubator bottom. Water in take  and outflow i s  accomplished 
through 5.1-cm ins ide  diameter ( I  . D . )  polyethylene pipe, with each 
incubator  f i t t e d  w i t h  an e a s i l y  acces s ib l e  dra in  pipe. For pro tec t ion  
and in su la t ion  purposes, each incubator  i s  buried with the  top  f lu sh  
with t h e  ground su r f ace .  A 1  id  of 1.9-cm (314-in) AC plywood reinforced 
with 5 x 15-cm (2-in x 6- in)  planks covers t he  box by f i t t i n g  snugly 
within t h e  i n s i d e  top ,  r e s t i n g  e a s i l y  on 5 x 15 cm (2 i n  x 6  i n )  
incubator  corner  and wall supports .  

Water f o r  each incubator  i s  supplied from head-boxes buried i n  spr ing  
gravel upstream from the  respec t ive  incubators .  A t  l e a s t  1.22 m of t r u e  
head i s  provided. The head-boxes a r e  1.22-m x 1 . 2 2 4  x 0.61-m x 1.9-cm 
(314-in) A C  plywood with 6.25-mm diameter per fora t ions  on a l l  f aces .  A 



Table 2. Gulkana i ncuba t i on  s p r i n g  wate r  q u a l i t y  data. 

Water Qua1 i t y  
Va r i ab le  

Average Values 

Temperature 2.2 - 5.5 C 

Carbon D iox ide  (CO?) 

ATkal i n i t y  

5 mg/l i t e r  

86 PPm 

Disso lved Oxygen (DO) 8 - 12 ppm 

To ta l  Hardness 

Conducti v i  ty 112 m ic ro  ohms/cm 

Ammonia (NH4) 0.0 - 0.2 m g / l i t e r  



Stream Flow 

Supported Removable Lid 

Perforated, fa lde ,  plywood bottom 
6.25-nan ho le s  

Scale: 25 nun 60 cm 

Figure 4 ,  Plywood reinforced upwelling incubation uni t  currently i n  use a t  the 
Gulkana incubation site, 



30-m l e n g t h  of b u r i e d  po lye thy lene  p i p e  (5.1 cm, I.D. ) connects each 
head-box,to an incuba to r  and prov ides an upwe l l i ng  water  f l o w  of 95 
1  i ters /m i  n /un i  t. 

Each incuba to r  has a  7.6-cm l a y e r  o f  1.27-cm minus pea g rave l  over  the  
f a l s e  p l a t e .  Th is  prevents downward m i g r a t i o n  o f  a l e v i n s  through the  
p l a t e  and a l so  serves t o  f i l t e r  l a r g e r  deb r i s  f rom upwe l l i ng  water. On 
t op  o f  t h e  pea g rave l ,  and serv ing  as t h e  egg subs t ra te ,  i s  e i t h e r  30.5 
cm o f  1.9 t o  3.8-cm graded, rounded, r i v e r  r u n  g rave l ,  o r  30.5 cm o f  
I n t a l o x  p l a s t i c  saddles (F igure  5 ) .  

A f t e r  l oad ing  t he  incuba to rs  w i t h  subst ra te ,  they  a re  f i l l e d  and f l ushed  
severa l  t imes. As a  l a s t  s tep  p r i o r  t o  load ing  green eggs, each 
incuba to r  and i t s  contents  a re  t r e a t e d  w i t h  3.1 ppm ma lach i t e  green. 

Dur ing l a t e  August and September o f  1980, 10 new incubato rs  were 
t ranspor ted  t o  t he  s i t e  and f i t t e d  w i t h  in takes ,  d ra i ns ,  and water  
l i n -es .  They were pos i t i oned  i n  t h e  same 1  i n e a r  al ignment as t h e  o l d e r  
u n i t s ,  b r i n g i n g  t he  t o t a l  number o f  a v a i l a b l e  incuba to rs  t o  20 and t h e  
i ncuba t i on  capac i t y  t o  an est imated 10 m i l l i o n  eggs. 

The i n s t a l l a t i o n  and p repa ra t i on  o f  10 new u n i t s  du r i ng  August, when 
norma l l y  t h e  o l d e r  u n i t s  would be i n  t h e  process o f  be ing cleaned, 
caused t he  egg t ake  crew t o  be s p l i t  up du r i ng  t he  f i r s t  p a r t  o f  t he  egg 
take. Two persons were assigned t o  f i n i s h  t h e  c lean ing  o f  t h e  u n i t s ,  
w h i l e  t he  r e s t  o f  t he  crew p a r t i c i p a t e d  i n  t he  egg take.  A l l  o f  t he  
u n i t s  were cleaned and ready f o r  eggs by t h e  end o f  September. 

P r i o r  t o  load ing  green eggs each f a l l ,  t he  incuba to rs  were cleaned o f  
t he  dead eggs, fungus, and d e t r i t u s  f rom t h e  prev ious y e a r ' s  batch o f  
eggs. To p reven t  t h e  re lease  o f  any harmful  organisms i n t o  t h e  spr ings,  
each u n i t  was d i s i n f e c t e d  by t r e a t i n g  w i t h  1550 ppm o f  Chlorox f o r  24 
hours, a f t e r  which t he  l i d  was removed t o  a l l o w  t h e  sun t o  n e u t r a l i z e  
t he  Chlorox. A f t e r  a  48 hour n e u t r a l i z i n g  per iod,  t h e  u n i t  was f l ushed  
w i t h  sp r i ng  water.  Th is  process was repeated once, a f t e r  which t h e  
u n i t s  were ready f o r  c leaning.  

Cleaning o f  each u n i t  i nvo l ved  process ing a l l  subs t ra te  m a t e r i a l  through 
a  cement mixer  and water  f l u s h .  A f t e r  c leaning,  t he  subs t ra te  was 
e i t h e r  p u t  onto a  t a r p  f o r  l a t e r  l oad ing  o r  was re loaded immediately 
i n t o  a  prepared incubator .  A f t e r  t he  u n i t s  were empty o f  subst ra te ,  
they were scrubbed down and any needed r e p a i r s  were done. A f t e r  t h i s  
was accomplished, a l l  i ncuba to rs  were loaded w i t h  r espec t i ve  subs t ra te  
m a t e r i a l ,  thus complet ing t h e  p repa ra t i on  tasks  p r i o r  t o  r e c e i v i n g  green 
eggs 

Egg Take 

The m a j o r i t y  o f  the  egg take  was conducted about 50 m away from t h e  
i ncuba t i on  u n i t s ,  near t h e  incuba to r  pool  (F igure  6) .  Th is  pool  i s  as 
f a r  upstream o f  t h e  i ncuba t i on  s p r i n g  as spawners can proceed; thus, 
they tend t o  congregate there.  The pool  i s  about 15 m long, 8 rn wide, 



Polypropyl ene I n t a l o x  Saddl e s  
For Salmon Egg Incubat ion S u b s t r a t e  

S p e c i f i c  Grav i ty  1.13 - + 0.02 

Weight o f  one Sadd le  2.24 g. 

Volume o f  one s a d d l e  1.98 m l .  

Void space  incuba tor  

Dry weight o f  1 mJ  o f  s a d d l e s  

Actual  s i z e  top  .view 

& 

Figure  5. Polypropylene I n t a l  ox p l a s t i c  s a d d l e  s u b t r a t e  s p e c i f i c a t i o n s  
and diagram. One c u b i c  meter of s a d d l e s  dg l ive red  by t h e  
manufacturer  occup ies  approximately 1.28 m o f  space i n  t h e  
incuba tor  u n i t .  



POOL 
Incubator S p r i n m  

,"-'--\- Bridge 

Connects t o  main Gulkana 1 1  

Figure 6 .  Gulkana River incubation site. 



and 0.5 m deep, and i s  the s i t e  of heavy natural spawning. The adult 
sockeye were dip netted, checked for ripeness, and i f  useable, were 
killed with a blow to t h e  head. The basic egg-take procedure was se t  
forth by McNeil and Bailey (1975). Each f ish was wiped with a paper 
towel prior to  spawning t o  make sure no blood, slime, or d i r t  
contaminated the egg-take basin. Spawning utensils,  gloves, and 
equipment were disinfected using a 200 ppm iodophore solution. 

For spawn taking, eggs from two females, followed by milt from two 
males, were placed in an enameled metal basin. Next, sufficient water 
was added so the eggs could move freely. The eggs were then s t i r red  
with a feather to ensure adequate mixing of eggs, mi 1 t ,  and water. ' 
After 30 seconds, the fe r t i l ized  eggs were rinsed in noncontaminated 
(not exposed to  adult salmon) spring water and then poured into 22- 
l i t e r  buckets to water harden. After water hardening for  a t  least  1 
hour, the eggs were transported to  the incubation unit for  processing 
and loading. The eggs were measured volumetrically from the buckets in 
1 - l i t e r  l o t s ,  using a plast ic  dipper and a 1000-ml graduated cylinder. 
After a t  least  4 1 i ters  of eggs were removed from each bucket, a 1-1 i t e r  
sample of eggs was counted from each bucket, and th is  number was 
multiplied by the total  Titers of eggslbucket to estimate the number of 
eggs per bucket. By knowing the number of females/bucket, the approxi- 
mate number of eggs/female follows, as do the number of eggslincubator 
and number of eggs/day . After measuring and counting, in 1-1 i t e r  l o t s ,  
the eggs were poured direct ly  into the incubator, taking care to  pour 
with the cylinder mouth under water. 

The upstream incubator of each group of five was loaded f i r s t ,  with 
subsequent loadings occurring in a downstream direction. This avoided 
disturbing previously seeded eggs. After each unit was loaded, the l id  
was p u t  on and three large rocks placed on top-to indicate a loaded 
unit. All units were monitored monthly unti 1 fry emergence in the 
spring. Monthly monitoring included checking the outflows for  proper 
flow, flushing the units of de t r i tus ,  measuring dissolved oxygen and pH 
with a Hach k i t ,  flushing each uni t  with a 3.1-ppm malachite green 
treatment, and cleaning the head boxes of algae and accumulated gas 
bubbles. Ryan thermograph uni ts ,  which have been recording spring water 
temperatures since September 1973, were maintained on a monthly basis. 
Temperature units (1 T.U. = 1 degree C above zero for 24 hours) were 
calculated from the thermograph charts and provided the cumulative 
number of temperature units for  incubation. 

Fry Emergence 

For evaluation of the incubation units,  the egg take, and the effects  of 
different variables, the emerging fry were captured and held in 
collection boxes until they could be counted and samples collected. A t  
emergence, the fry swim to the surface of the incubator and are carried 
t o  the respective collection box by the outflowing water. The 
collection boxes were made of 1.6-mm aluminum sheeting, perforated with 
1.6-mm holes on 5.6-mm centers. They measure 50.8 cm x 50.8 'cm x 83.8 
mn. The boxes were assembled with aluminum 90" angle pieces and rivets.  



All inter ior  edges and corners of the boxes were covered with silicone 
ceul king ~ to protect the fry.  

Fry enu~eration involved three separate methods, depending upon the 
numbers of fry t o  be counted. When 500 or less f r y  were involved, 
individual f ish were counted, using a hand t a l ly  whacker and small hand 
net. When numbers of fry in the collection box ranged from 500 to 
12,000, the number of fry which produced a displacement of 60 ml of 
water in a 100-ml graduate cylinder was used as an estimator. The total  
number of fry in a collection box was then estimated by multiplying the 
number of fry per sample mi 11 i 1 i t e r  by the total  volume of fry in 
mi l l i l i t e r s .  A weight method was used when the number of f ry in a 
single collection box was greater than 12,000. The weight of a specific 
amount of water in a bowl was determined by an Ohaus triple-beam balance 
scale. Emergent f ry (with excess water drained off)  were added to th i s  
water. The number of f ry per gram was determined by a subsample count 
of approximately 100 grams. The total  weight of the fry was mu1 t ipl ied 
by the number of f ry per gram in the subsample t o  obtain an estimate of 
total  fry. 

After counting, those fry' released on s i t e  were placed into a 22-1 i t e r  
bucket f i l l e d  with water and released into the spring water below unit 
number one. The distance from the uppermost unit to  the release s i t e  i s  
about 46 meters. 

Fry samples were randomly selected from each collection box a t  
approximately 25%, 50% and 75% of the expected 80% emergence for  
determining developmental indexes ( k  ). Wild fry for k,, samples were 
also collected from One-mile Spring k i n g  a small beach seine. Each fry 
sample was approximately 50 f ish and was preserved in a 5% formalin 
solution for a t  least  6 weeks prior t o  processing. These sample fry 
were not included in ei ther  the l ive  or dead cumulative numbers for  
emergent fry.  After the preservation period, individual f ry were 
blotted, weighed (nearest mg), and measured for fork length (nearest 0.5 
mm). The degree of ventral s l  i t  closure'was noted for  each fry. The 
develqpment index was calculated for each fry as follows: 

k, = 10?weight [mg{ 
length mm 

A mean and standard deviation was calculated for length, weight, and 
developmental index for  each subsample of approximately 50 fry.  

This was the second year f ry were transported from the incubation s i t e  
t o  Gunn Creek, the in l e t  tr ibutary to Summit Lake. Fry to  be 
transported were carried from the incubation s i t e  to the transport tank 
in 22-liter buckets. The transport tank measures 61 cm x 76 cm x 61 cm, 
has a volume of 0.28 cubic meters, and was constructed of 1.9-cm (3/4- 
i n )  AC plywood surfaced with a fiberglass gelcoat. The tank was se t  in 



the bed of the project pickup truck. Prior to  loading fry into the 
tank, water was pumped from the Gulkana River into the tank until i t  was 
half full. '  Pure oxygen was added to  the transport tank water through a 
micropore tube a t  1Q l i t e r s  per minute. The tank water temperature was 
checked against the water in the buckets and equilibrated to  within 
appproximately a 2 C difference before adding fry.  The fry were 
released into Gunn Creek a f t e r  a 14.3-km t r i p  and a f t e r  equilibrating 
the transport  tank water t o  within approximately 2 C o f  Gunn Creek 
water. The plug was then pulled on the transport tank and the fry 
dropped approximately 4.2 m through a f lexible  hose running from the 
bottom of the tank t o  just under the surface of Gunn Creek. 

Smolt Coded Wire Tagging 

A temporary building was constructed prior to  smolt capture to  protect 
the tagging equipment during i t s  use. The smol t capture net was 
designed to be a to ta l  capture net and was installed on the out let  of 
Summit Lake. The approximate location and configuration of the capture 
net i s  shown in Figure 7. A single fyke-type tunnel net was attached to  
the two tapered t rap  wings to  make a 93-m smolt capture net. 

After the smolts were captured in a l ive  box, they were "dip-netted" and 
p u t  into a holding pen prior t o  coded-wire tagging. A borrowed, 
Northwest Marine Technology, Inc., coded-wire tagger was used during the 
f i r s t  year fo r  coded-wire tagging. Smol t s  were coded-wire tagged, 
following the Northwest Marine Technology Instruction Manual and the 
Mark-Tag Manual fo r  Salmon (Moberly e t  a l .  1977). 

Smolt age, weight, and length samples were obtained from the 
mortal i t i  es ,  which occurred during the normal project ac t iv i t ies .  
Condition factor  was calculated on each smolt using: 

Successfully-tagged smol t s  were transferred to a second holding pen 
where they were held approximately 12 hours for  observation. 
Mortalities were counted, then l ive  f i sh  were released 100 m downstream 
from the capture net. Tag retention was assumed to  be 100% in the held 
and released f i sh .  The tags,  which were applied during 1981, were coded 
- Agency 4 ,  Data 2115. 

Adult Salmon Investigations 

Aerial surveys are flown each f a l l  with local a i r  taxi operators to 
record the number of adult  spawners tha t  were enroute to  or already on 
the spawning grounds. Fish Creek weir was operated from 23 June through 
G August. Ten Mile weir was not operated in 198G because of the egg 
take pr ior i ty  and lack of manpower. 

Limnologi cal Evaluations 

Limnological investigations of Paxson and Summit Lakes began during the 
f a l l  of 1980. Three sample s tat ions were established on each lake to 



3.6-m x 3.6-m 
Coded-wi re 
tagging 
she1 t e r  

Figure 7 .  Summit Lake smolt capture and coded-wire tagging s i t e ,  1981. 



gather  base l ine  data and t o  examine t h e  f e a s i b i l i t y  o f  l ake  
f e r t i l i z a t i o n .  

Zooplankton, per iphyton,  phytoplankton, p a r t i c u l a t e  ~ u t r i e n t s ,  and 
pr imary p r o d u c t i v i t y  were sampled on a monthly bas is  throughout t he  open 
water  p e r i o d  and severa l  t imes a f t e r  f reeze up. Sampling methods f o l l o w  
t h e  procedures ou tl i ned by Koeni ngs e t  a1 . (1980). 

RESULTS AND DISCUSSION 

Egg Take 

The egg t ake  f o r  t h e  Gul kana i ncuba t i on  u n i t s  began on 16 September and 
cont inued u n t i l  13 October. The egg-take numbers ranged from a low o f  
42,000 eggs, taken on t he  l a s t  egg-take day o f  13 October, t o  a h i gh  o f  
643,000 eggs t h a t  were taken on 30 September. The t o t a l  est imated 
egg-take f o r  1980 was 6,290,000 eggs. 

The average e f f e c t i v e  f ecund i t y  o f  t he  females i n  1980 was c a l c u l a t e d  t o  
be 3,130 eggs per  female (Table 3 ) .  Th is  i s  lower  than  f e c u n d i t y  f o r  
Gulkana stocks, which were repo r ted  as approximately 3,980. Our 
c a l c u l a t e d  average f ecund i t y  i s  based on females used as broodstock. 
The apparent low fecund i t y  pe r  female i n  1980 may be f rom p a r t i a l l y  
spawned females t h a t  were used i n  egg takes. 

Approximately 4,000 a d u l t  sockeye salmon were used i n  t he  egg-take. The 
r a t i o  o f  males t o  females used was one t o  one. Except f o r  those 
carcasses t h a t  severa l  dog mushers c o l l e c t e d  f o r  dog food, a l l  t he  
carcasses were re tu rned  t o  t h e  r i v e r  a f t e r  be ing  spawned. 

Because o f  t h e  reduced s u r v i v a l  r a t e  which occurred i n  1979 i n  u n i t s  
loaded w i t h  p l a s t i c  saddles (Roberson e t  a1 . 1981), o n l y  two u n i t s  
conta ined t h e  p l a s t i c  saddle subs t ra te  i n  1980. P l a s t i c  saddles were 
used again i n  1980 t o  e i t h e r  co r robora te  o r  r e f u t e  t h e  prev ious y e a r ' s  
r e s u l t s .  Because o f  broodstock 1 i m i t a t i o n s ,  o n l y  15 g rave l  subs t ra te  
u n i t s  were loaded w i t h  green, unpicked eggs, l eav ing  t h r e e  u n i t s  empty 
(Tab1 e 4) .  

For eva lua t i on  o f  op t ima l  egg l oad ing  d e n s i t y  (eggs/box) o f  t he  Gulkana 
incubators ,  two u n i  t s  were 1 oaded w i t h  g rea te r  than 600,000, green, 
unpicked eggs. The remaining t h i r t e e n  incuba to rs  were loaded w i t h  
between 42,000 and 483,000, green, unpicked eggs, w i t h  an est imated mean 
o f  332,000. 

F ry  Emergence 

Cumulative temperature u n i t s  were zero  on t h e  day t h a t  green eggs were 
loaded i n t o  each incubator .  Temperature u n i t s  w i t h i n  t h e  incuba to rs  
averaged t h ree  per  day throughout t h e  i ncuba t i on  per iod .  I n  the  g rave l  
subs t ra te  u n i t s ,  a mean o f  approx imate ly  225 days (723 T.U. ' s )  
t r a n s p i r e d  u n t i l  emergence. One thousand f r y  p e r  day was a r b i t r a r i l y  



Table 3. Gulkana incubation p r o j e c t ,  estimated sockeye salmon 
fecundity,  1980. 

Date 

Estimated Number 
Egg-Take Females Used Estimated 

f o r  the  Day in  t h e  Fecundi t y  
(thousands ) Egg-Take 

91 16 

91 17 

9/ 19 

9/f 2 

9/23 

9/ 24 

9/25 

9/ 26 

91 29 

9/30 

10/3 

Total 

3,010 

2,990 

2,950 

2,930 

2,890 

2,910 

3,260 

3,330 

3,400 

3,480 

2,860 

Mean 3,130 

a/ ~ e c u n d i t ~  not obtained f o r  6 days of  egg take because number of - 
females not known. 



Table 4. Gulkana i ncuba t i on  egg take  summary, 1980, and r e s u l t i n g  f ry  outmigrants ,  1981. 

I ncuba t i on  
U n i t  Subs t ra te  Brood 

Est imated Est imated Est imated 
Date ' Eggs F r y  Percent 

Loaded Seeded Outmigrants Su rv i va l  
(Thousands) (Thousands) 

1 I n t a l o x  Main Spring- 1017 2 88 256 88.9 a  / 

2 I n t a l o x  Main Spr ing  1013 389 347 89.2 

3 Gravel Midd le  Spr ing  1012 309 284 91.9 

4 Gravel M i  dd l  e  Spr ing  1 0 1  1 418 366 87.6 

5 Gravel Main Spr ing  9/30 643 549 85.4 

6 Gravel Main Spr ing  1018 228 192 84.2 

7 Gravel Main Spr ing  10113 42.0 40.1 95.5 

NOT LOADED 
NOT LOADED 
NOT LOADED 

Gravel Main Spr ing  9/29 606 542 89.4 

Gravel Main Spr ing  9/26 483 244 50.5 

Gravel One M i l e  Spr ing  9/25-26 247 201 81.4 

Gravel Main Spr ing  9/25 382 301 78.8 

Gravel Main Spr ing  9/24 372 287 77.2 



Incuba t ion  
U n i t  Subst ra te Brood 

Est imated Est imated Estimated 
Date Eggs F ry  Percent 

Loaded Seeded Outmi g ran ts  Su rv i va l  
(Thousands ) (Thousands) 

- - - - 

16 Gravel Midd le Spr ing 9/23 419 38 1 90.9 

17 Gravel Main Spr ing 9/22 354 323 91.2 

18 Gravel Main Spr ing 9/ 18 371 359 96.8 

19 Gravel Main Spr ing 9/ 17 347 285 82.1 

20 Gravel Main Spr ing 9/16 33 1 29 1 87.9 

I 
N 

Tota l  6,230 5,250 84.3 

a/ Main Spr ing i s  t h e  incuba to r  poo l /sp r ing  stock. - 



considered as the end point f o r  each u n i t ' s  incubation period and 
temperature uni t  accumulation. In the  p las t i c  saddle substrate un i t s ,  a 
mean of approximately 232 days (759 T.U.'s) transpired un t i l  1000 
fry/day emergence occurred. A l  thcugh not tes ted  fo r  significance,  there 
appeared t o  be a lag time in emergence between gravel and p las t i c .  

In 1980, Intalox p l a s t i c  saddles subst ra tes ,  used in four incubators, 
produced dras t i ca l ly  1 ower survival r a tes  (55.8%) than t ha t  produced by 
s i x  gravel subst ra te  incubators (79.3%) (Roberson e t  al,. 1981). In FY 
81, because of the 23.5% difference in survival in the previous year ,  
only two uni ts  contained p l a s t i c  saddles. The current year survival 
percentages f o r  p l a s t i c  saddles incubators were as  good or  be t t e r  than 
survivals  f o r  gravel subst ra te  incubators. The authors theorize t ha t  
during the Intalox saddles'  f i r s t  year of use there may have been a 
harmful residue adhering t o  the saddles. The additional year of water 
immersion, d is infect ion,  cement mixer cleaning and water flushing 
el  iminated any harmful product, resul t ing i n  increased f ry  survival t o  
the expected 80% range during FY 81. 

The average length, weight, and developmental index of emergent f r y  from 
the p l a s t i c  saddle and gravel subst ra te  incubators were nearly identical  
(Table 5 ) .  The va r i ab i l i t y  was s t a t i s t i c a l l y  s ign i f i can t  f o r  weight 
( p  < .001), 1 ength (p < .01) , and developmental index (p < .01) as 
determinded by F-tests. Therefore, i t  appears t ha t  f ac to rs  other than 
subst ra te  type influence the  s i z e  of f r y  a t  emergence. 

The developmental index a t  emergence of the  gravel and p l a s t i c  
substrate-produced f ry  shows l i t t l e  variance throughout the emergence 
period (Figure 8 ) .  This may mean t h a t  the f ry  emerge when they have 
achieved the necessary length and weight development. Fry reared in  
p l a s t i c  saddle substrates accumulated, on the  average, 41 more 
temperature uni ts  f o r  incubation than f r y  i n  gravel subst ra te  (Table 6 ,  
Figure 9 ) .  This produced a difference in emergence of approximately 6 
t o  7 days. Further data and analysis are  necessary t o  adequately 
address t h i s  question. 

Wild f ry  showed both a greater  average in weight (177.1 mg) and a 
greater  average length (28.0 mm)  than the hatchery f ry  (Table 5 ) .  A 
possible reason fo r  t h i s  difference i s  t ha t  wild f r y  cannot be captured 
during i n i t i a l  voluntary emergence and are  captured a f t e r  they have 
begun t o  feed, while the  incubator-produced f r y  a r e  captured immediately 
upon emergence before they have begun t o  feed. 

In order t o  evaluate loading density t h i s  was the  f i r s t  year of loading 
incubators w i t h  more than 600,000 eggs. The two, high density 
incubators were compared t o  incubator numbers 14 and 18, which were 



Table 5. Mean, standard d e v i a t i o n  (sd) ,  and sample s i z e  ( n )  f o r  we igh t  (mg), l e n g t h  (mm), and 
developmental index (kg)  f o r  1981 Gulkana i ncuba t i on  p r o j e c t  sockeye salmon fry. 

Subst ra te Brood Est imated Eggs Weight Length D 
Type Source Loaded 

(thousands ) mean sd mean sd mean s d n 

I n t a l o x  
I n t a l o x  

Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 

"Natural  " 

Main Spr ing 
Main Spr ing 

Middle Spr ing 
M i  dd l  e Spr ing 
Middle Spr ing 
Middle Spr ing 
Main Spr ing 
Main Spr ing 
Main Spr ing 
One M i l e  Spr ing 
Main Spr ing 
Main Spr ing 
Middle Spr ing 
Main Spr ing 
Main Spr ing 
Main Spr ing 
Main Spr ing 

" W i  1 d" 



Gravel Substrate Fry 
A Plas t ic  Substrate Fry 

Temperature Units ( C )  

Figure 8.  Comparison of gravel and plast ic  substrate,  on the condition of development 
of the 1981 emergent f ry.  



Table 6. Number of days and temperature uni ts  ( O C )  t o  1000 fry/day 
emergence in gravel and Intalox p l a s t i c  saddle substrate incubators a t  
Gul kana incubation f a c i l i t y  in 1980-81. Dots ( .  .. ) indicate incubators 
were not loaded because of the lack of su f f i c ien t  broodstock. 

Days to 
Incubation Incubation 1000 Fry/Day Temperature Units t o  

Unit Substrate Emergence 1000 ,Fry/Day Emergence 

1 Intalox 230 
2 Intalox 23 4 - 

Mean 232 759 

Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 
Gravel 

228 
225 
217 

228a/ 236- ... ... ... 
220 
224 
227 
227 
221 
225 
224 
226 
227 
226 - 

Mean 225 

F1,ows through t h i s  u n i t  were 23% lower than f o r  a1 l other units. 



Temperature Units ( C )  

90 - 

80 - 

70 - 

60 - 
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10 - 

Figure 9 .  Comparison of gravel and plast ic  substrate t o  1981 emergent f ry  timing. 
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loaded with 382,000 and 371,000 green eggs, respectively (Table 7) .  All 
four uni~ts being compared had gravel substrate, and the i r  eggs a l l  came 
from the same source. Even though the mean percent survival of each 
study group i s  similar (87.3% for  high; 87.7% for  low), there i s  a much 
wider range within study groups. This can probably be partly attributed 
t o  natural variabili ty.  The estimated mean survival percentage of the 
res t  of the units (excluding 5 and 11 with high density, and units 1 and 
2 with plast ic  saddles) was 82.6 percent. The survival percentage of the 
higher density units i s  good, and both are higher than ,the average for 
a1 1 the -lower density units b u t  are not higher than each individual low 
density unit  ' s estimated survival rates (Table 4 ) .  Mean lengths and 
weights 'of the higher density fry were only s l ight ly less  than in the 
lower density units. Even  though nearly 3800 alevin mortalities were 
present in one of the high density incubators, 85.4% survival was 
obtained (Table 7 ) .  The data indicate a promise for higher loading 
densities that warrants further research. 

Smolt Coded Wire Tagging 

Aerial surveys of Summit Lake confirm a very small indigenous stock of 
spawning sockeye salmon, - tha t  has averaged less than 10 per year-.from 
1967 to 1980 (4 years had no surveys). Gunn Creek surveys from 1970 t o  
1981 indicate an average population of 184 spawners per year. Assuming 
half of these natural f ish are females with a 3,980 egg fecundity, we 
would expect to  have 3,860 smolts, on an average, emigrating annually 
from Summit Lake. This assumes a 10% survival through each l i f e  phase. 

In 1981, natural stocks would have provided approximately 2.8% of the 
outmigrating smol t s .  The other 97.2% would have been transplanted 
Gulkana stock. The smolt emigration from 1981 transplants was estjmated 
to  be 134,000, age 1, assuming a 10% survival of the 1.34 million fry 
transplanted from the Gulkana incubation f a c i l i t y  to Summit Lake in 
1980. Because of l a t e  equipment delivery, the capture net was installed 
about 3 weeks a f t e r  the , ice  had gone out, and i t  was assumed that  the 
majority of the outmigrant smolts were missed. The total  smolts 
captured from 16 June to  9 July was 2,378; of these, 1,442 were tagged 
and released, 710 were released untagged, 180 were mortali t ies,  and 46 
were recaptured and released. The recapture problem occurred because 
the net was located in river current that  was too slow and too near the 
lake. I t  was addressed by releasing the smolts further downstream in 
swi f t e r  water. 

This was the f i r s t  year of baseline data aquisi tion for the smol t 
outmigrants from Summit Lake. Mean fork length, weight, and condition 
factor of sampled smolts are given in Table 8. 

Observation of the smolt migration timing required that  the capture trap 
be manned from 1700 h t o  0400 h t o  be sure tha t  smolts, which entered 
the trap, were dipped out and held in the l ive trap until tagging. If 
the smolts were not netted when i n i t i a l l y  entering the t rap,  they would 
e x i t  the trap and escape downstream past the net. Problems were also 



Table 7. Comparison of two u n i t s  loaded with g r e a t e r  than 600,000 green eggs with two u n i t s  loaded with 
l e s s  than 400,000 green eggs i n  1980. 

Mean Length Mean Weight Developmental 
(mm) and (mg) and . Index and ~ 

Green Survival  Alevi n Sample Standard Standard Standard 
Unit Eggs Percentage M o r t a l i t i e s  S i ze  Deviation Deviation Devi a t i  on 

5 643,000 

11 606,000 

Mean 

I 
N 

14 382,000 
03 
I 18 371,000 

Mean 



Tab le  8. Mean l e n g t h ,  weight  and cond i t ion  fac tor  o f  outmigrat ing Summit Lake sockeye salmon 
smol t s  , 1981. 

Age Samp 1  e  Mean Length Standard Mean Weight Standard Condi~t i  on 
S i z e  Length Range D e v i a t i o n  Weight Range D e v i a t i o n  Factor  

(m 1 ( 9  



encountered w i t h  the  ne t  l oca t i on ,  currents,  water l e v e l ,  beavers, 
and debr is .  

On several occasions, schools o f  300 t o  3,000 f r y  were observed swimming 
upstream past  the  smolt net.  The o r i g i n  o f  these f r y  i s  uncer ta in,  bu t  
may be Fish Creek which i s  downstream from the t rap .  I f  t h i s  i s  cor rec t ,  
then t h e  theory t h a t  the  m a j o r i t y  of the  outmigrant smolts are from the 
incubat ion  t ransp lan t  could be a f fec ted .  Fry were a lso  observed going 
downstream past  t h e  net.  These f i s h  could have been the  above mentioned 
fry exit- ing o r  they could have been Gulkana incubator  f ry  o r  Summit/Gunn 
Creek f r y  e x i t i n g .  

Adu l t  Salmon Inves t iga t ions  

On 11 August, an a e r i a l  survey o f  the  Gulkana River  from Mud Creek t o  
Summit Lake accounted f o r  3,075 a d u l t  sockeye salmon. Based on past 
surveys, t h i s  would i n d i c a t e  an average spawner populat ion f o r  t he  
season, which means t h a t  20 t o  30 thousand sockeye would u t i l i z e  the 
spawning grounds between Mud Creek and Summit Lake from e a r l y  J u l y  t o  
1 a te  October. 

F ish  Creek had an est imated run  o f  11,100 a d u l t  sockeye salmon. The 
we i r  was no t  f i sh -p roo f  f o r  one overn ight  period, consequently, an 
add i t i ona l  3,000 f i s h  were est imated t o  have passed dur ing  t h i s  t ime and 
were added t o  the  actual  w e i r  count o f  8,060. 

To evaluate the  su rv i va l  o f  the Gulkana incubator  fry t o  a d u l t  stage, 
sockeye fry have been t ransplanted i n t o  Ten M i l e  Lake (M i l e  10 on Denal i 
Highway) a t  100,000 per  year  since 1974. From e a r l i e r  a e r i a l  surveys, 
Ten M i l e  Lake o r  i t s  t r i b u t a r y  stream, Hungry Hollow Creek, d i d  no t  
conta in an indigenous stock o f  anadromous f i s h .  I n  1978, the  f i r s t  
a d u l t  re tu rns  were v e r i f i e d  by a e r i a l  and ground surveys, w i t h  1980 
marking t h e  t h i r d  consecutive year  o f  sockeye salmon re tu rns  t o  Hungry 
Hollow Creek. Even though survey condi t ions were poor, t he  a e r i a l  survey 
f l i g h t  on 16 October enumerated 250 sockeye salmon i n  Hungry Hollow 
Creek. Adu l t  sockeye salmon were a l so  observed cons t ruc t ing  redds and 
swimming around the shore l ine  o f  Ten M i l e  Lake. This represented a t  
l e a s t  a 0.25% su rv i va l  from the  approximately 102,000 f r y  p lan ted  i n  
1975. To account f o r  s t ray ing ,  f i s h i n g  m o r t a l i  ty ,  and poor survey 
condi t ions,  t he  ac tua l  a d u l t  su rv i va l  from the f ry  t ransp lan t  was 
assumed t o  be greater  than 0.5%. 

The average age-class s t r u c t u r e  o f  the  Gulkana sockeye i s  approximately 
11% 4-year-olds and 89% 5-year-old f i s h  (Roberson and Fridgen 1974); 
thus, from the  f r y  releases shown i n  Table 9, 6,475 sockeye salmon 
returned as 5-year-olds from the  1976 f r y  re lease and 690 returned as 
4-year-olds from the  1977 . f r y  release. The t o t a l  Gul kana Incubat ion 
c o n t r i b u t i o n  t o  the a d u l t  r e t u r n  f o r  1980 was estimated t o  be 7,170. 



Table 9 .  Estimated adult sockeye salnion returns from the fry releases a t  the Gulkana incubation s i t e .  

Return Age Class 

2.2 2.3 Total Adult Est % 
Green Eggs Fry Produced 1 1 %  Survival 89% Survival Returns Survival 

Year Number Year Number Year Number Year Number Year Number 



Limn01 ogi cal Investigations 

After thi  s f i r s t  year of preferti 1 iza t i  on sampl i ng  , the prel imi nary 
decisions were that Summit Lake would continue t c  be a candidate for 
f e r t i l i za t ion ,  with sampling continuing on a monthly basis, and that 
Paxson Lake would n o t  be considered for  fe r t i l iza t ion ,  b u t  sampling 
would continue on a quarterly basis (Koenings, personal communication, 
1982). 

A t  the present time, the complete sample analysis has not been finished 
by the Soldotna lab. The results of the Paxson and Summit Lake 
1 imnological investigations wi 1 l be presented a t  a l a t e r  date (Keoni"ngs , 
in prep.). 
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